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ParoaeBB fog the preparatoon of an elongated polyror 
ag-fcxcle and a f lexotele nnbondad offshore pxpe 



The present invention relates to a process for the 
5 prreparation of an elongated article such as a tube-formed 
ar-tixcle The invention particularly relates to a process 
fojr the preparation o£ a flexible unbonded offshore 
pipeline comprising a tube-formed polyethylene layer e.g 
an inner liner The invention also concerns a flexible 
10 unlDonded offshore pipe coipprising a polymer layer 
obtiainable according to the process. 

Flexible unbonded offshore pipes comprising a tube-formed 
inner liner and at least one reinforcement layer are 
15 generally used for the transportation of oil and gas 
proaucts over long distances and often at elevated 
temperatures such as above 60 or more 

Offshore pipes are also used for infection of chemicals 
20 into a sub-sea drilled well e g. connected between a host 
oiJL platform and a sub-sea satellite installation 

Offshore pipes must be capable of operating at high 
pressures, and the pipes should be resistant to chemicals 
25 and water including seawater. Furthermore such offshore 
pipes should be flexible so that they can be spooled onto 
a dErum or reel 

Offshore pipes are normally very long, so-called risers 
30 often several hundred meters long and so-called flow- 
Imes often several kilometers long They are laid on the 
seabed, typically subjected to high pressures and 
pressure differences along the pipeline When 
transporting oil or gas the pipelines may be exposed to 
3S temperatures substantially above 60^0 The offshore pipes 
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should therefore be capable of operating at high 
temperatures and high pressures 

Offshore pipes generally comprise one or more tube-forxned 
5 barrier layers including an inner liner and at least one 
reinforcing layer. The inner liner is the barrier layer, 
which IS exposed to a fluid, e g oil transported in the 
pipeline In most situations, the pipeline also comprises 
an outer sheath providing a barrier to the outer 

10 environment such as seawater The pipe normally comprises 
one or more reinforcing layers between the inner liner 
ana tihe outer sneath, and some pipes also comprise a 
reinforcing layer inside the pipe, called a carcass The 
carcass prevents collapse of the inner liner and provides 

15 nechanical protiection to the inner liner. Some pipes also 
comprise one or more mter-nediate polymer layers 

The inner liner should be caemically stable and 
mechanically strong even when subjected to high 

20 temperatures. Furthermore, the inner liner should be 
manufactured m one piece since repair, welding or other 
types of connecting methods are not acceptable for inner 
liners m offshore pipelines The inner liner is 
therefore normally produced by continuous extrusion of a 

25 polymer. A number of polymers are presently used for the 
production of inner l:.ner5, such as polyamide~ll (PA-ll), 
polyethylene (PE) and polyvinylidene diflouride (PVDF) 

These xnaterials shall fulfil the combined requirements of 
30 eg heat stability, resistance to crude osl, seawater, 
gases ^ mechanjcal fatigue, ductility, strength, 
durability and processability The inner liner material 
is normally selected on a case-to-case basis after 
careful investigation of the conditions for the planned 
35 installation Here, cross-linked polyethylene may m many 
cases prove to fulfil the requirements 
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Addxtxonelly, the interest for use of inner liners xn 
corrosive applicarions with hxgh concent rat xon? of carbon 
dio>{xcle and/or hydrogen sulpnxdes xs xncreasxng. 
Furthermore, polyamxdes are susceptxble to hydrolysxs and 
aliphatic polyketones are also susceptible to degradatxon 
at elevated temperatures However, the permeability of 
gases increases wxth temperauure,. and polyethylene has a 
relatively high permeability to gases Thus perzneatxon of 
gases like methane, carbon dioxide and hydrogen sulphxde 
may xn some cases be prohxbxtxve for use of cross-lxnked 
polyethylene xnner liners at hxgh temperatures 

In EP 487 691 it has been suggested zo use an inner liner 
of cross-lxnked polyethylene An inner liner with such 
cross-linked material nas shown to be highly improved 
compared to xnner Ixners of the smxlar non-cross-lxrked 
(thermoplastxc) material . 

In order not to degrade the material, the process m the 
prior art of producing an inner liner xs carrxed out xn 
two steps, fxrst the materxal xn non-cross-lxnked form xs 
manufactured by extrusxon, and afterwards the materxal xs 
cross-lxnked When the materxal xs cross-*! xnked, xt is 
only to some degree possxble to change its shape without 
aegrading the material. 

The cross-linkmg step is often very cumbersome ana time 
and space demandxng BP 48*7 691 descrxbes the cross- 
Ixnkxng step of sllanlzed polyethylene wxth reference to 
the fxgures The pxpelxne xs fxrst manufactured by 
extrusxon of the inner layer of polyethylene, followed by 
metal armouring and outer sheathing The entire 
muJtilayer pipe structure is mounted with end fittxngs/ 
and the flexible pipe xs connected to a device for 
cxrculatxng water xn the inner Ixner tuoe The water xs 
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heated to about 92-98 and cxrculated us.ng pumps. The 
time of cross-lmking xs between 48 and 120 hours 
followea by a cooling step for about 20 hours 

By thxs process, it xs necessary to manufacture the 
entxre pipe before makxng the actual cross-lxnking of the 
inner liner In case of a qualxty problem of the xnner 
liner, it appears impracrxcal to make the entire pipe 
without ensur:.ng final properties of the cross-linked 
inner liner The patent describes both the use of a 
Sioplas® process involving peroxide-activated grafting 
of the vxnylsilane onto the polyethylene in a separate 
compounding step, and t>ie Monosil® process witn m-situ 
silane grafting of polyethylene It is preferred to use a 
dibutyltindilaurate (DBTDL) as cross-lmkmg accelerator 
and a density of the polyethylene above 931 kg/m^, 
preferably over 940 kg/m^ 

The required properties of the other polymer layers 
(mrermediate layer (s) and outer layer are much similar 
to "cne requireo properties of the inner liner 

The obaect of the present invention is to provide an 
improved process for the preparation of an elongated 
artxcle such as a tube-formed article by extrusion of a 
polyetnylene polymer followed by cross-linking, which 
method does not nave the drawbacks of the processes 
described above and which process in particular is faster 
and less space demanding than known processes 

A further ob:iect is tio provide a process for the 
preparation of an elongated article having a length of at 
least 50 meters by extrusion of a polyethylene polymer 
followed by cross-linking, which method is faster and 
less space demanding then known processes. 
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Yet a further object of the invention is to provide a 
process for the preparation of a flexible unbonded 
offshore pipe comprising a tube-formed inner liner, which 
comprxses extrusion of a polyethylene polymer inner laner 
followed by cross-linking# which method is faster and 
less space demanding than known processes 

These and other objects are achieved by the invention as 
defined m the claitns 

The process of the present invention may in principle be 
used for the preparation of any type of elongated art±cle 
of polyethylene-based polymers^ such as aiy tube- formed 
article However r the process of the invention is 
particularly useful for the preparation of flexxble 
unbonded offshore pipes comprising tube-formed polymer 
layer (s), eg an inner liner, an intermediate polymer 
layer and/or a cover layer The process is specifically 
useful for the manufacturing of so-called endless 
offshore pipes, i e: pipelines having a length of 50 in or 
more 

The process for the preparation of an elongated polymer 
artjcle according to the invention comprises the steps of 
snapmg a polymer material by extrusion into or ontio a 
supporting unit m an extrusion station and m a 
subsequent step cross-linJcing the extruded polymer 
material to obtain hardening and high strength of the 
material 

Tne polymer material comprises a polyetnylene and an 
amount of peroxide for cross-lmking of the polyethylene 
The peroxide should have an activation temperature 
subsTiantially above, preferably at least 5 '^c above, and 
more preferably at least 10 above the temperature of 
the polymer material during the extrusion thereof The 
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term ^^substantxaliy above the temperature of the polymer 
material during the extrusion thereof" means that the 
peroxide should not be activated during the extrusion 

5 The peroxide is thus chosen to have an activation 
temperature above the temperature of the polymer material 
during extrusion to avoid that activated peroxide will 
xnduce cross-lmking during extrusion. During extrusion, 
cross-lmkmg of the polymer is hignly undesired, as it 

10 will complicate the extrusion Xn the process r the 
extrusion and the cross-linking steps are carried out m 
an in-line process, including passing the extruded 
polymer materiel directly through a cross-linkmg zone 
with means to activate the peroxide to obtain cross- 

15 Linking Thus, the cross-lmking step is carried out m a 
separate step subsequent to the extrusion step- 

The polymer material, which is shaped during the process, 
comprises polyethylene In a preferred embodiment, 

20 polyethylene constitutes the ma^or part of the polymer 
material, and only minor parts of other polymers are 
present For some purposes, it is preferred that 
polyethylene is the only polymer material present Also 
znxxtures of polyethylene with different or varying 

25 pjzroperties may be used according to the invention, e g. 
znxxtures of two or more polyethylenes with different 
clensities By selecting polyethylenes with different 
densities and optionally other polymers and additives it 
13 possible to design a polymer composition with desired 

dO properties 

Polyethylene is of"en used for inner liners for offshore 
flexible pipes at operational temperatures up to about 
SO^O Primarily the high density polyethylene (HDPB) , 
35 wliich has a substantially linear chain structure, is 
u^ed. The HOPE has a somewhat higher stiffness and 
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mechanical strength than other polyetnylene types Also, 
it has a higher crystallmity and therefore a lower 
permeability to gases. The typical HOPE used for inner- 
liners is pipe grades with, a density of 945 to 955 kg/m^r 

5 and preferably around 950 kg/m^ Preferred polyethylene 
to be used according to the invention has a density above 
920 kg/m^, such as e.g. above 940 kg/m^ and up to about 
965 kg/m^, that provides polyethylene which has the best 
properties for use as inner liners according to the 

10 invention 

In general r to obtain the best possible properties, it xs 
preferred that the polymer composition ccai^rises at least 
50 ^ by weight/ preferably at least 70 % by weight, more 
15 preferably at least 85 % by weight of polyethylene. 

The polymer composition nay include up to about 40 % by 
weignt, such as up to about 20 % or preferably up to 
about 10 I by weight of additional polymer (s) other than 
polyethylene The additional polymer (s) may e g be 
selected from the group consisting of thermoplastics suchi 
as thermoplastic elastomers including block copolymer- 
such as SEBS, SBSr SIS, TPB-polyether-amide, TPE— 
polyether-ester, TPE-ur ethanes, TPE PP/NBR, TPB-PP/BPDMr 
TPE- vulcanise tes and TPB-PP/IIRr rubbers such a 3 
butadiene rubber, isoprene rubber, nitril rubber, 
styrene-butaaiene rubber and urethane rubber, polyolefms 
such as polypropylene and polybutylene including its 
isomers; liquid crystal polymers; polyesters^ 
polyacrylates, polyethers# polyurethane* thermplastic: 
vulcanisatesr and Liquid Silicone Rubber. 

The polyethylene material typically contains mmox* 
amounts of additives like pigments, heat stabilisers, 
35 process stabilisers, metal deactivators, f lame-retardants 
and/or reinforcement fillers It is preferred to keep the 
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amount of such additives low to reduce the risk of 
blistering and stress induced cracking The reinforcement 
fillers may include carbon black, glass particles, glass 
fibres, mineral fibres, talcum, carbonates, mica, 
silicates, and metal particles 

According to the invention the cross-linking of the 
polymer material is initiated by peroxide serving as a 
radical-former- when activated A specific peroxide 
decomposes at a specific temperature (the activation 
temperature of the peroxide) The preferred peroxides 
according to the invention also decompose if they are 
exposed to light of certain wavelengths, e.g infrared 
light The decomposition causes the peroxide to release 
radical-formers, which induce cross-linking m the 
polymer material The temperature ouring the extrusion is 
typically berween 145 to 200**C. The temperature during 
extrusion is selected ro keep the polymer material in a 
molten state Cross-linking of the polymer is undesired 
during extrusion, as it will make the extrusion more 
difficult. Thus, It IS preferred to select a peroxide 
having an activation temperature above 145^C or even 
above 150*C Preferably the selected peroxide has an 
activation temperature which is substantially above (such 
as at least 1 ®C) , and preferably at least 5 to 10°C 
above tne temperature of the polymer material during the 
extrusion consequently it is preferred to select a 
peroxide witln a higher activation temperature such as 
butylcumylperoxide, diciimylperoxide, Trigonox 145B 2,5- 
dimethyl hexane 2, 5-di-t-butyl peroxide, bis(t- 
butylperoxy isopropyl) benzene, t-butyl cumul peroxide, 
^jx-t-butyl peroxide, 2,5-dimethyl hexine-3 2, 5-di-t-butyl 
pero or a hydroperoxide, e.g butyl^ydroperoxlde, 
According to the invention the peroxide may be activated 
by elevatea temperature, e^g by applying heat, or oy 
radiation with infrared light {IR light) The peroxide is 
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added to the polyethylene before extrusion The pexoxide 
may be added m solid state as powder or granulate 
Alternatively the peroxxde may be added m liquid state 
When the peroxide xs added xn Ixquid srate at xb 
preferred that the polyethylene xs present with about 90% 
of granules and about 10% of powder 

In general, the amount of peroxide in the polymer 
composition should preferably be at least 0.1 % by weight 
of the polymer composition, such aa between 0 2 and 3 % 
by weight of the polymer, more preferably up to about 2 % 
or even more preferably up to about 1 5 % by weight of 
the total polymer composition including peroxide. 

To obtain a satisfactory cross-linking of the polymer 
material when using IR light for activating peroxide, it 
is preferred that the polymer composition contains 
peroxide from 0 1 to 1.0 % by weight, and preferably from 
0.3 to 0 8 % by weight. 

According to the invention the extruded polymer material 
is passed to a cross-linking zone to activate the cross- 
linking The cross-linking is activated by activating the 
peroxide by use of infrared light {IR light) or heat. 

When using IR light to activate the peroxide, it is 
required that the melted polymer material from the 
extruder is transparent to allow the IR light to 
penetrate the polymer material to induce the cross- 
Imkmg The preferred embodiment comprises use of 
polyethylene heated above the melting temperature T, 
(approximately 125-130°C) to obtain a glass clear- and 
amorph polymer material Under such conditions^ the 
activation of peroxide and cross-linkmg of the polymer 
material will appear wxthin seconds Generally the cross- 
linking appears relatively fast when using IR light 
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activated peroxides and the polymer material may by 
cross -linked within 60 seconds. According to the 
invention the supporting unit may comprise means that 
reflect IR light, such as an alu-foil The polymer 
composition itself may also include particles which may 
reflect light, e g metal particles or glass beads 
However, the amount of additives m the polymer 
composition should be kept at low level m order to 
maintain the transparent appearance of the polymer 
composition 

The IR light source, usable to activate the peroxide, may 
be any available IR lamp which radiates a suitable amount 
of IR light, preferably with wavelengths between 1.2 to 
1 8 mm (nanometer) . The IR light source is preferably 
placeci in the cross-linking zone m such a way that all 
parts of the extruded polymer material are exposed to IR 
light 

If the peroxide is activated by heat, the heat may m 
principle be applied using any heating means which can 
supply sufficient heat for the activation The object of 
the heating means is thus to heat the extruded polymer 
mater xal to a temperature sufficient to activate the 
peroxxde m the polymer material mien the peroxide is 
activated, it will induce cross-lmkmg m the polymer 
materxal as described above The heating means m the 
cross— linking zone are preferably infrared heaters, 
microwaves or conventional heaters such as electric 
wires r gas or oil-burners The heating may also be by hot 
gas o3? hot gas with moisture, such as hot moistened air 
or hot steam The moisture in the gas may provide a 
better transmission of heat than if the gas is a dry gas 
The heating means in the cross-linking zone are 
preferably arranged in such a way tnat the polymer 
material is subnected to heat treatment from all sides or 
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angles xn the cross-linking zone For instance when the 
polymer material has a circular cross section, the 
heating means are placed all around the circumference of 
the cross-section to obtain the best possible heating 
s effect on the polymer material 

The time for performing the crosslinking m tne cross- 
linkmg zone, m the heat activated embodimenn^ depends 
mainly on the thickness of the polymer layer, the type of 

10 peroxide used including its activating temperature, and 
the method used for applying heat m the cross-linking 
zone. In some applications, the cross-linking time may be 
relatively long, e.g 10 minutes or even longer, but m 
order to optimize the m-lme process and the space 

IS occupied by the cross-linking zone^ the time for 
performing the cross-lmkmg should preferably be 
adjusted to be about the time for extruding 0 05 to 2 m, 
preferably 0 2 to 1 m of the polymer material This 
adjustment may be performed by regulating the application 

20 of heat, the selection of type of peroxide, and the 
thickness of the extruded polymer Also the extrusion 
velocity may be adjusted 

When the process according to the invention is a 
25 preferred embodiment using infrared heaters or microwaves 
as heating means, the extruded material is subjected to a 
heat treatment m the cross-lmkmg zone for up ro aoout 
600 seconds and preferably for 5 to 120 seconds, and more 
preferably for 10 to 60 seconds - 

30 

In a preferred embodiment, tae extruded polymer material 
18 subjected to a heat treatment m tne cross-linkmg 
zone at a temperature above 145^C and preferably at a 
temperature between 150 and 200"C to ensure activation of 
35 the peroxide The optimal temperature depends on the type 
of peroxide and can easily be founa by a few experiments 
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When infrared heating lamps are used accordxng to the 
invention^ this has the advantage that the peroxide may 
be activated sxmultaneously by xnfrared Ix^ht and heat- 
Hereby an excellent and rapid cross-lmking can be 
obtained 

Compared with prior art: techniques, the degree of cross- 
linking IS high in the process according to the 
inveirion The degree of cross-lxnkmg obtained is 75 to 
90 %, and preferably the degree of cross-linking is 80 to 
85 % according to ASTM D 2765 Thus, cross-linking 
appears m both the amorphous and crystalline phase of 
the polymer material 

In a preferred embodiinent of the process according to the 
invention, the pressure in the cross-lmkmg zone is 
raa-sed above antoient pressure. By increasing the pressure 
m the cross-linking zone, formation of bubbles and 
irregularities xn the polymer material can be avoided 
The pressure is preferably raised to 1 5 bar above 
ambient pressure, more preferably 2 bar above ambient 
pjcessure, and typically the pressure m the cross-linkmg 
zone IS between 2-5 and 10 bar 

In order to avoid undesired deformation or reactions m 
the extruded polymer material, it is preferred that the 
extruded polymer mater±al enters the cross-linkmg zone 
immediately after extrusion or no later than 2 minutes 
after extrusion By passing the extruded polymer material 
from the extruder to the cross-linking zone, the 
temperature of the polymer material may be kept close to 
the extrusion temperature at the entrance to the cross- 
Imkmg zone, which means that the necessary amount of 
energy for activating the peroxide is as low as possible 
Generally, it is preferred that the temperature of the 
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polymer material at the entrance to the cross-lmkmcr 
zone IS at least 100 ^C, preferably at least 120 and 
even more preferably at least 140 «C The entrance xs 
defxned as the place between the extruaer and the cross- 
linking zone where the temperature of the polymer 
material is lowest 

Moreover, m order to optimise the properties of the 
exrruded product and avoid deformation, it is preferred 
tnat the velocity of the extrusion of tne polymer 
material is approxiirately equal to the velocity of the 
extruded polymer passing through tne cross-lxnking zone, 
and the velocity is preferably between 0 2 to 2 m/mxnute, 
and more preferably between 0/5 ana 1,0 m/mmute 

Preferably the extruded polymer material from the cross- 
Imking 2one is cooled to ambient temperature, e g the 
polyrver material may be cooled in a cooling zone witn 
water or axr 

The supporting unit may m principle be any kind of 
supporting means which supports the polymer material as 
It passes out from the extruder The supporting unit onto 
which the polymer material may be extruded may simply be 
a mandrel, net or hollow wire The supporting unit onto 
which tne polyner material may be extruded may preferably 
be a tube-formed unit, such as a calibrating device 
(calibrator) Such calibrator is generally known from the 
art of extruding inner liners for flexible unbonded 
offshore pipes without inner reinforcing layer (s) 
(carcass) A calibrator may e g calibrate the outer 
dimension of the pipe or tube shaped polymer layer using 
vacuum suction onto a solid surface e g meral surface, 
which surface may preferably be wetted with water for 
lubricating • 
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Thus, in a preferred embodiment; the polymer article is an 
inner liner of a flexible unbonded offshore pipe without 
carcass, and the inner liner is extruded into a 
supporting unit, preferably m the form of a calxbrat:or. 

In a preferred embodiment of the process according to the 
invention, the supporting unit is a reinforcement 
material/ and preferably a reinforcement layer of a 
flexible iinbonded offshore pipe. 

The supporting unit may e g« be in the form of a carcass, 
xn which case the polymer article is an inner liner of a 
flexible unbonded offshore pipe and the polymer material 
IS extruded onto the carcass to form the inner liner 

Where the polymer arti.cle is an intermediate layer of a 
flexible unbonded offshore pipe, the supporting unit may 
preferably be in the form of a pressure armour, and the 
polymer material is extruded onto the pressure armour 

Where the polymer article is an outer cover of a flexible 
unbonded offshore pipe, the supporting unit may 
preferably be m the form of a tensile armour, and the 
polymer material is extruded onto the tensile armour. 
Please observe that the term ^outer cover" does not 
exclude that furtner armouring layer or layers are 
applied around the outer cover, but in general this term 
should be interpreted to mean that the outer cover is the 
outermost pipe shaped polymeric layer. 

Generally, it is preferred that the supporting unit 
material is a metallic material, preferably shaped as a 
carcass r a pressure azrmour or a tensile armour of 
metallic material The metallic material may preferably 
be capable of reflecting IR light from the IR light 
source or optionally heat from the heating means in the 
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cross-linking zone thereby increasing the effect of the 
IR ixght or heatxng on the polymer materxal. This 
reflective effect will lead to faster and more effective 
activation of the peroxide and croas-lmking of the 
5 polymer material 

When extruding a polymer layer onto a supporting unit m 
the form of a carcass or another armour ^ it is generally 
preferred that a tape or film layer is applied onto the 
armour prior to the application of the polymer layer 
Tnereby undesired deformation of the polymer layer due to 
the shape of the surface of the armour which may eg be 
made from profiles engaged into each other ^ may be 
avoided In one embodiments wherein the supporting unit 
IS an armour layer and this layer comprises a tape 
applied onto the armour and the polymer compos xt ion is 
extruded onto this tape, it is preferred that the tape 
has a reflecting surface reflecting the IR light or heat 
applied m the cross-lmking zone The tape may e g 
comprise a metallized surface, eg Al metallized The 
reflecting surface of the tape may preferably be capable 
of reflecting at least 50 % of the IR light or heat 
applied to the tape when using infrared light or anfrared 
heating or microwave heating* 



Preferably the elongated polymer article obtained by the 
process according to the invention is an inner liner, 
preferably an inner liner for an offshore pipe 

30 The cumbersome and time-consuming cross- linking of the 
inner liner as well as the outer cover and/or 
intermediate layer or layers of a flexible pipe product, 
as described m BP 487 691/ can be overcome by the 
present invention, m particular by initiating the cross- 

35 linking m-line (or on-lme) with the extrusion of the 
inner liner By m-lme is simply meant 'in the same 
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continuous process step' As a result the liner material 
completes the cross-lmkmg within the cross-linking zone 
wzLthout any further treatment, and e.g before the final 
multilayer pipe structure is completed 

5 

By the present invention, cross-linking of the inner 
liner may be terminated prior to the making of the metal 
armouring and outer sheath and the end fittings. This is 
advantageous for several reasons* Qualmy control is made 

10 earlier in the production cycle, and necessary 
coxrections can be made earlier. Also, by the present 
invention it is possible to cut samples from the end of 
the cross-linked inner liner for measurements of the 
degree of cross-linking It is not possible to do so on a 

15 finished pipe. If this snould be done on a pipe according 
to EF 487 691, It would require cutting off a section of 
tlie pipe and establishing a new end fitting, which is 
costly and time consuming* 

20 In one embodiment according to the process of the 
invention, polyethylene and other ingredients for the 
polymer composition including the peroxide and 
accelerator may be melted and homogenised m an extruder, 
which feeds the polymer melt into a distributor and a 

25 tool, either a crosshead tool or a pipe tool With a 
crosshead tool, a metal carcass may be fed into the 
centre of tne crosshead tool, and the polymer may be 
e>ct;ruded around this metal cylinder The carcass may be 
at ambient temperature (cold) or preheated to avoid rapid 

30 quenching of the polymer melt The inner liner thickness 
may typically be 4 to 10 mm when using a carcass, and 
somewhat larger, typically 6 to 16 rm, without a carcass 
However, the thickness of the inner liner may differ from 
the above typical values, depending on the contemplated 

35 use of the pipe For some uses a thickness below 4 or 6 
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ram IS sufficient For other uses thiclcness above 10 or 16 
nup zray be required 

After extrusion of the pipe^ using a crosshead tool, into 
which the carcass xs fed, the polymer melt forms a 
cylindrical obDect around the carcass. 

Alternatively, the inner liner may be made wxxhout a 
metallic carcass e g using pipe tool {or a crosshead 
tool) , and in this case the extruded object may pass 
through a calibrator as described above 

After cooling, the pipe passes out of the cooling chamber 
and iS dried, typically by a wipe-off device and blowing 
With air. Then a drawing device, typically a caterpillar 
device^ draws the pipe forward It is important that the 
polymer inner liner here is cooled below rhe softening 
point, as the caterpillar belts will otherwise cause 
mechanical damage to the inner liner AfTier the 
caterpillar, the pipe is spooled on a drum, reel or 
turntable The metal armouring and the sulbsequent 
extrusion of the outer sheath are normally performed m 
separate steps 

After the extrusion, the extruded polymer tube xs passed 
into a cross-linking zone as described An example of an 
m-lme cross-linking equipment is outlined in Figure 1 
and described below 

The invention also relates to a method for the production 
of a flexible unbonded offshore pipe comprisingr one or 
more polymer articles (irner liner, intermediate layer or 
layers and outer cover) in the form of a tube-formed 
polymer layer wherein at least one of the tube-formed 
polymer layers is produced according to the process 
defined m the claims. 
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Furthermore the invention relates to a flexible unbonded 
offshore pipe comprising at least one polymer layer, said 
polymer layer being obtainable using the process as 
5 defined in the clams- 



The flexible unbonded offshore pipe may have any shape 
© g as known from WO 00/36324 and US 6,005,799, which 
are hereby incorporated by reference One or more of the 
tube-'formed polymer layers, e g the inner liner, 
xntermediate layer or layers and/or outer cover, may be 
produced using the process of the invention 
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Kig 1 IS a sketch of a production line usable m the 
process of the invention 
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Fig 1 IS a sketch of a production line for the 
production of an inner liner for an offshore pipeline A 
c:arc3ss, i e a metal armouring 1, of an offshore 
pipeline is unwound from a coil 2 and passes through a 
calibrating device 3. An extrusion device 4 extrudes a 
polyethylene inner liner onto the carcass, and the 
extruded inner liner passes together with the carcass 
directly to a cross-linking zone 5, where it is subjected 
■CO a treatment with infrared light or heat, e g with 
infrared radiation. From the cross-linking zone 5, it 
passes onto a first cooling zone 6, wherein the heated 
polyethylene inner Imer is cooled Prom the first 
oooling zone 6, it passes onto a second cooling zone 7, 
wherein it is further cooled From the second cooling 
zone 7, it passes through a second calibrating device 8 
3nd further to a coil 9 onto which it is wound 



The present invention includes passing the extruded 
35 polymer material directly through a cross-linking zone 
In the cross-lmkmg zone, the material is sub3ected to 
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an intensive heating, e.g, infrared radiarion In tine 
cross-lmking zone, the activation means e g infrared 
lamps are arranged to surround the extruded polymer 
material so as to subject the polymer material to 
5 infrared radiation from all sides or angles. The extruded 
polymer material preferably enters the cross-linking zone 
immediately after extrusion or no later than 2 minut:es 
after extrusion 

10 The velocity of the extrusion of the polymer material iS 
approximately equal to the velocity of the extrudeci 
polymer passing through the cross-lmking zone- A 
preferred velocity is berween 0 2 to 2 m/minut:e^ 
preferably between 0,S and 1,0 m/minute 

15 

From the crosshead tool, the pipe preferably passes into 
a first chamber, wherein it is subDected to infrared 
light or heat, e g- from infrared sources 

20 The pipe should preferably be in the first chamber for a 
sufficient time to initiate cross-linking of the inner 
lirer. The necessary time can be deuermined by cross- 
lmking thin samples for various periods of time Based 
on this time and the knowledge of the extrusion line 

25 speed, the necessary minimum length of the first chamber 
can be calculated. 

After being treated m a first cross-linking chamber, ttie 
inner liner may optionally be introduced into a second 
30 chamber, where the inner liner is cooled optionally by 
water cooling 

After being treated m a first cross-linking chamber and 
optionally a second cooling chamber, the inner liner may 
35 be introduced into a third chamber, where it is furthejr 
cooled 
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The third chamber may preferably be a traditional cooling 
chamber with water suspension or water spraying onto the 
pipe containing the inner liner Typically r tap water at 
ambient remperarure is used or recirculating water 
connected to a heat exchanger. Time and thus length of 
the chamber should preferably be sufficient to cool down 
the pipe to below approximately 60*^C to ensure sufficient 
strength of the inner l3.ner so that it may be handled by 
tie caterpillar belts without any damage 

For practical reasons the total length of the cross- 
linkmg and cooling chambers should preferably be kept 
below 100 meters in Xength. On the other hand, the 
cooling sections in the prior art processes are -ypically 
several tens of meters in length The total length of a 
line for prior art extrusion of large dimersion flexible 
pipes IS well above one hundred meters 

Please observe that all though the first chamber, the 
second chamber and the third chamber, respectively, are 
sometimes referred to as one chamber, these chafers each 
represent a treatment, which m practice may be conducted 
m two or more physically separated treatment chambers 
Consequently, the first chamber represents a first step 
of the treatment of the extruded inner liner, the second 
chamber represents a second step of the treatment of the 
extruded inner liner, and the third chamber represents a 
third step of the treatment of the extruded inner liner 

However, according to the invention the cooling of the 
polymer material may optionally be effected m one step 
m one chamber as one cooling treatment 

35 One effect of cross- linking polyethylene is that the 
material may be used at higher operating temperatures 
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Without being deformed due to good chemical and 
mechanical properties. It is expected that the operating 
temperature can be increased from approx. 60 °c to approx 
SO^C for typxcal offshore appli.cati.ons. 

A few sxmple methods of characterising the cross-lxnkxng 
are probe penetration^ hot set and the degree of cross-* 
linking determined by decaline extracuxon 

The hot set test, as specified in lEC 811-2-1 r clause 9 
and as used xn several electrxcal cable s-candards as e.g» 
VDE 0273 and I£C 502, measures the mechanical elongatxon 
(set) of a test specxmen at 200 ""C under a specxfxed load 
The lower the value is, the nxgher the degree of cross- 
ImJcxng* If not cross-linked at all, the sample will 
simply flow away It further measures a cold sec after 
removal (a resxdual set) A well cross-lxnked sample wxll 
have essentxally no cold resxdual set 

The degree of cross-linking is measured by decalm 
extraction according to the ASTM 0 2765 standard 
prescribing a 6-hour extraction The degree of cross- 
Ixnkxng IS simply the relative wexght of unextractable 
material. By experxence, values for cross-lxnked 
polyethylene are normally xn the 75% to 80% range The 
inventor s experience wxth the new improved process is 
that the degree of cross-lmking is often higher, m the 
80 to 90% range This method of measurxng the degree of 
cross-lxnking has the dxsadvantage of being destructxve, 
because xt: xs necessary to cut out a pxece of the 
materxal Thus this method is unsuitable for quality 
control of the cross-lxnkxng step of inner Ixners 

The probe penetratxon test measures the relatxve % of 
pezietratxon of a 1 mm dxameter cylindrxcal probe xnto a 
sample of the materxal at a gxven temperature under a 



23 



^^4/06 2002 09 29 PAX 4545259013 NKT Resesr<^. GroiU> IP 18024 



22 F2iLy?A0203OX«A 

given ioad The inventor has found suitable parameters to 
be a load of 300 mN for samples of 2 to 3 mm thickness, 
and heating by S^C/minute from 25** to 150 ''C. This method 
has the advantage of being non-destructive. 

5 

For cross-linked polyethylene with over 70% degree of 
cross-linking, the penetration at 140*'C is typically less 
than 25^ Un-crosslmked polyethylene has 100% 
penetration, and partially cross-linked samples give 
10 intermediate penetration values The use of 30% as 
maximum penetration mdicarive of sufficient cross- 
linking, corresponding to approximately 65% degree of 
cross-lxnkmg is suggested 

IS Example 

On a full--scale production line an inner liner of 
polyethylene is extruded on a self-interlocking carcass 
of 6" inner diameter (15,2 cm). The outer diameter of 

20 this steel carcass is approximately 16,7 cm T*ie carcass 
15 fed into the centre of a crosshead tool In this toolr 
the polyethylene melt is distributed in a pipe type cool 
and upon the exit of the crosshead is drawn onto the 
carcass in approx. 6 mm th3.ckness at a line speed of 0,48 

25 to 0,55 meters/zainute. 

The extruder is a conventional polyethylene single screw 
extruder with a 120 mm screw diameter and a L/D ratio of 
30, with a sxngle-flight screw. The extrusion process is 
30 found not to be temperature sensitive The temperature 
setting on the heating zones of the extruder and head 
ranges from ISO to 165 ''C, and melt temperature is 
typically 160'C 

35 The polyethylene is a mixture of 90% HD-PE, grade 562X 
from Basell and 10% DKW-PB powder, grade HE 2591 froai 
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Boreal 1.S The addxtives are a mixture of 0 45% DYBP from 
Degussa and 0 40% Irganox XP621 from C:Lba DYBP (2,^5- 
dimethyl hexine-3 2^ 5-di-t-butyl peroxide) is the 
peroxide which induces crosslinkxng of rhe PE. DYBP is 
activated by IR Ixght (DYBP may also be activated by heat 
at lao^C, thus the temperature in the extruder should not 
at any time exceed 175®C) Irganox is an antioxidant The 
material is fed into the extruder as a premxx 

After the extrusion tne pipe passes through an IR oven 
with a capacity of 75 kw. Residence time m the oven is 
30-60 seconds 

After this the carcass with inner liner is cooled with 
water and led through a caterpillar 

Samples are cut from the inner liner 2 mm thick sections 
are cut from the innermost and outermost part o£ the 
liner, respectively. 

The degree of czross-lmking and hot set at 200 **C is 
determined on these samples 

. Test results 

Gel content %• 76 3 

Hot set % 35 

Set % -5 
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1. A process for the preparation of an elongated polymer 
article comprising the steps of shaping a polymer 
material by extrusion into or onto a supporting unit in 
an extrusion station and cross- linking said extruded 
polymer material, said polymer material con^rismg a 
polyethylene and a peroxide for providing a crosslinkmg 
of the polymer mater xal, said peroxide having an 
activation temperature substantially above, preferably at 
least 5 above, more preferably at least 10 above 
the temperature of the polymer material during the 
extrusion thereof, which extrusion and cross-linking 
steps are carried out m an in-line process, including 
passing the extruded polymer material from the extruder 
through a cross-linking zone to activate said peroxide 
whereby the polymer material is cross-linked, wherein 
said activation is performed by applying IR light and/or 
heat m the cross-linking zone 

2. A process according to claim 1 wherein the supporting 
unit 15 a reinforcement material, preferaoly a 
reinforcement layer of a flexible unbonded offshore pipe 

3. A process according to claim 2 wherein the supporting 
unit IS m the fo™ of a carcass, said polymer article 
being an inner liner of a flexible unbonded offshore pipe 
and said polymer material being extruded onto the 
carcass 

4 A process according to claim 2 wherein the supporting 
unit IS m the form of a pressure armour, said polymer 
article being an intermediate layer of a flexible 
unbonded offshore pipe and said polymer material being 
extruded onto the pressure armour. 
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5 A process accordxng to claxm 2 wherein the supporting 
unit IS xn the form of a tensile armour, said polymer 
airticle being an outer cover of a flexible unbonded 
offshore pipe and said polymer material being extruded 
5 onto the tensile armour. 

6. A process according to any one of the preceding claims 
wh«erexn the polymer article is an inner liner of a 
flexible unbonded offshore pipe, said inner liner 
iO preferably being extruded into a supporting unit, said 
supporting unit being in the form of a calibrating 
device, which calibrates the outer dimension of the pipe 
usting vacjum onto a supporting surface 

15 7 A process according to any one of the preceding claims 
wherein the polyethylene has a density of at least 920 
g/cm^, such as above 940 g/cm', preferably the 
polyethylene has a density between 945 to 955 q/ca? 

20 8 A process according to any one of the preceding claims 
wherein the polymer composition comprises at least 50 % 
t>y weight, preferably at least 70 % by weight, more 
preferably at least 85 % by weight of polyethylene 



9 A process according to any one of the preceding claims 
wherein the polymer con5)OSition comprises up to about 10 
% by weight, such as up to about 5 % of fillers, 
preferably selectee from the group consisting of 
po-gments, heat stabilisers, process stabilisers, metal 
deactivators, flame retardants and reinforcement fillers, 
said reinforcement fillers preferably being selected from 
the group consisting of carbon black, glass particles, 
glass fibres, mineral fibres, talcum, carbonates, mica, 
metal particles and silicates. 

10 A process according to any one of the preceding 
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claims wherein the polymer composition comprises up to 
about 40 % by weight, such as up to about 20 % or 
preferaoly up to about 10 % by weight of additional 
polymer (s) other than polyethylene, said additional 
polymer (s) preferably being selected from the group 
consisting of thermoplastics such as thermoplastic 
elastomers including block copolymer such as SEBS, SBS, 
SISr TPE-polyether-amide, TPE-polyether-esterr TPE- 
urethanes, TPE PP/NBR, TPE-PP/EPDM, TPE-vulcanisates and 
TPE-PP/IIR/ rubbers such as bu-cadiene rubber, isoprene 
rubber, nitril rubber, styrene-butadiene rubber and 
ur ethane rubber; polyolefins such as polypropylene and 
polybutylene including its israierSr liquid crystal 
polymers, polyesters; polyacrylates* polyethers^ 
IS polyurethane, thermplastic vulcanisates^ and Liquid 
Silxcone Rubber 

11. A process according to any one of the preceding 
claims wherein the amount of peroxide xn the polymer 
20 composition is at least 0 1 % by weight of the polymer 
composition, such as between 0 2 and 3 by weight of the 
polymer, more preferably up to about 2 % or even more 
preferably up to about 1 5 % by wexglnt of the polymer 
composition 



12 A process according to any one of the preceding 
wherein the polymer composition comprises peroxide from 
0 1 to 1.0 % by weight, preferably from 0 3 to 0 8 % by 
weight 

13. A process according to any one of the preceding 
claims wherein the peroxide has an actxvatior temperature 
above 145**C, said peroxide preferably being selected from 
the group consisting of butylcumyl peroxide, dicumyl 
peroxide, Trigonox 145B, hydroperoxide, 2, 5-dimethyl 
hexane 2, 5-di~t-butyl peroxide, bis (t-butylperoxy 
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isopropyl) benzene, t-butyl cunul peroxide, di-t-butyl 
peroxide, 2, 5 -dimethyl hexine-3 2, 5--di-t-bucyl peroxide 
and butylhydroperoxide 

14. A process according to any one of the preceding 
claims wherein the cross-linking xs activated by 
application of heat in the cross-lmJcmg zone, preferably 
the heat is applied using infrared heating^ microwave 
hearing, conventional heating, heating by hot gas and hoc 
moistened gas. such as hot moistened air or hot steam 

15. A process according to any one of the preceding 
claims wherein the cross-linking is activated by 
application of IR light m the cross-linking zone,, 
preferably the IR light is applied using infrared lamp^ 
radiating IR light having wavelengths between 1.2 to 1 8 
nm 

16 A process according to any one of the preceding 
claims wherein the pressure in the cross-linking zone is 
raised to avoid formation of buobles and irregularities 
said pressure preferably being above 1 5 bar, more 
preferably above 2 bar, such as between 2 5 end 10 bar 

17 A process according to claim 1 .or 15 wherein the 
exxruded material is s\ab3 acted to heat treatment m said 
cross-lmking zone for up to aoout 600 seconds, 
preferably for 5 to 120 seconds, more preferably for lO 
to 60 seconds 

18 • A process according to any one of the precedirg 
claims wherein the extruded polymer material is sub^ecteci 
to a treatment with IR light or heat m said cross- 
linking zone at a temperature above 145 **C preferably at 
a temperature between 150 and 200 ''C 
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19 A process according to any one of the preceding 
claims wherein the degree of cross-linkxng obtained xs 75 
to 90 preferably the degree of cross-lmkxng xs 80 to 
85 % 



20- A process according to any one of the preceding 
claims wherein the extruded polymer material enters the 
cross-linking zone iimned:.ately after extrusion or no 
later than 2 minutes after extrusion 



21 A process according to any one of the preceding 
claims wherein the extruded material from the cross- 
linking zone IS cooled to ambient tempera uures 

15 22 A process according to any one of the preceding 
claims wherein the supporting unxt is a metallic 
materials preferably m the form of a reinforcing layer 
of an flexible unbonded offshore pipe 

20 23 A process according to claim 22 wherein the metallic 
material reflects IR light or heat applied in the cross- 
linking zone 

24. A process according to claim 22 wherein the 
25 supporting unit is an armour layer comprising a cape 
applied onto the armour, the polyner composition being 
extruded onto said tape, said tape having a reflecting 
surface reflecting the light and/or heat applied m the 
cross-linking zone, said reflecting surface of the tape 
30 preferably being capable of refleccing at least 50 % of 
the light and/or heat applied to the tape using infrared 
heating or microwave heating 

25- A process according to any one of the preceding 
35 claims wherein the velocity of the extrusion of the 
polymer material is approximately equal to the velocity 
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of the extruded polymer passing through the cross-lxnking 
zone, said velocity preferably being between 0 2 to 2 
m/mxnute, preferably between 0,5 and 1,0 m/minute 

26 A process according to any one of the preceding 
claims wherein the elongated polymer article is an inner 
Imer^ preferably an inner: liner for an offshore pipe 

27 A method for the production of a flexible unbonded 
offshore pipe comprising one or more polymer articles m 
the form of a tube-formedL polymer layer, one or more of 
said polymer layers bextig produced according to the 
process defined in any one of the claims 1-26 

28 A flexible unbonded offshore pipe comprising at 
least one polymer . layer, said polymer layer being 
obtainable using the process as defined in any one of the 
claims 1-26 

29 A flexible xinbonded offshore pipe comprising an 
inner liner obtainable using the process as defined in 
any one of the claims 1-26 

30. A flexiDle unbonded offshore pipe comprising an 

outer cover obtainable asmg the process as defined la 
any one of the claims 1-26, 

31 A flexible unbonded offshore pipe comprising an 
intermediate polymer layer obtainable using the process 
as defined in any one of the claims 1-26- 
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